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Additional HCl was added as required to maintain the solu- 
tion acidity. After an appropriate time period, usually 1 h, the 
products were isolated by dilution with water followed by 
filtration or extraction with ether. Table I presents results for 
a variety of structural types. As evident, the method appears 
suitable for conjugated derivatives which are activated by a 
nitro group (entry 14) or by two a-positioned electron-with- 
drawing substituents including ester, cyano, lactone, ketone, 
or amide in varying combinations. Singly substituted double 
bonds as in ethyl cinnamate (entry 16) are resistant and aryl 
substitution enhances the reduction rate (entry 15). The 
method is quite selective in that other functional groups are 
unaffected including amido (entries 7,10, 13), aromatic and 
aliphatic nitro (entries 4-6,9, 14,17) or cyano (entries 8-13) 
moieties, esters (entries 1-12, 15, 16), lactones (entries 17-19), 
or aryl ketones (entries 17-19). Furthermore, in contrast to 
analogous reductions with NaBHd,5d,e cyano esters are not 
further reduced to the corresponding cyano alcohols. The use 
of acid, although not essential, results in higher yields (com- 
pare entries 1 and 3), ostensibly by rapid protonation of ini- 
tially produced stable (Y carbanions before side reactions can 
intervene. This is evidenced by the relatively high yield of 
1 -methyl-2-phenylnitroethane obtained (entry 14) compared 
to previous investigations7a~b coupled with the absence of di- 
meric Michael products which are concomitantly produced 
with other hydride r e a g e n t ~ . ~ ~ , l l  

Experimental Section 
Mate r ia l s .  N a B H 3 C N  was obtained f r o m  A ld r i ch  Chemical Co. 

and used without purif ication. Starting materials were either obtained 
commercially or prepared by standard procedures.12 All new com- 
pounds gave satisfactory elemental analysis and showed spectral ( i r  
and N M R )  date consistant with the  structures. Elemental  analyses 
were provided by Chemalytics, Inc., Tempe, Ariz., copies o f  wh ich  
have been provided the Edi tor .  

G e n e r a l  R e d u c t i o n  Procedure .  T h e  general procedure ut i l ized 
is presented in the tex t  and is described below fo r  the reduct ion o f  
6-nitro-3-benzoylcoumarin. 
6-Nitro-3-benzoyl-3,4-dihydrocoumarin. A slur ry  o f  6-n i t ro-  

3-benzoylcoumarin (2.95 g, 10 mmol) ,  N a B H 3 C N  (0.69 g, 11 mmol ) ,  
and a small amount o f  bromocresol green indicator in 25 ml of  ethanol 
was magnetically st i r red while concentrated HC1 was added dropwise 
until the color changed t o  yellow. Periodically, addi t ional  HC1 was 
added in order t o  ma in ta in  the yellow color. Af ter  1.5 h the  react ion 
mix tu re  was d i lu ted w i t h  ca. 150 ml o f  water and cooled and the re- 
sul t ing whi le needles were f i l tered and  dr ied under vacuum (2.54 g, 
86%). T h e  ir and NMR indicated complete reduct ion o f  the double 
bond. 

Anal. Calcd for  C1cH11N06: C, 64.65; H, 3.73. Found: C, 64.70; H, 
3.55. 
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The resuits firther suggest the intriguing possibility of generating enolate 
ions in aprotic solvents with cyanoborohydrides which can subsequently 
be exploited for condensation or alkylation  reaction^.^ This tactic is being 
actively pursued. 
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AS an outgrowth of our earlier study of a new synthesis of 
iminosulfuranes,l we have investigated a new reagent for the 
oxidation of alcohols to aldehydes or ketones which appears 
to be generally useful, operationally simple, highly selective, 
and efficiente2 This new reagent, dimethyl sulfoxide-trifluo- 
roacetic anhydride (Me2SO-TFAA), complements previous 
reagents3-13 for the conversion of alcohols to dimethylal- 
koxysulfonium salt intermediates (I) which, on treatment with 
base under mild conditions, are rapidly converted to carbonyls 
in high yields (eq 1): 

- (CH,),S + RIRT=O (1) 
R', RZ = a l k y l ,  ary l ,  a ra l ky l ,  H, al icyc l ic ,  etc. 

None of the previous methods gives satisfactory results with 
all classes of primary and secondary alcohols. The new re- 
agent, dimethyl sulfoxide-trifluoroacetic anhydride, now 
appears to be a most generally useful reagent for the facile 
conversion of primary and secondary alcohols to carbonyls in 
high to quantitative yields. In assessing the scope and limi- 
tations of this new reagent, the oxidation of some model 
sterically hindered alcohols was studied. In this note we are 
reporting the results obtained thus far. 

Yields of carbonyls from hindered alcohols (>80-100%) are 
higher than those from previously studied unhindered alco- 
hols and by-product formation is reduced (usually to <5%) 
(Table I). We find that (a) the more hindered the alcohol, the 
higher the yield and alcohols (5,6) with bulky groups on both 
sides of the carbinol carbon give quantitative yields; (b) no 
difficulty is experienced in oxidizing primary and secondary 
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Table I 

Alcohol 
Yield, % 

Carbonyl product Procedure GLC DNPa Isolation 

4-tert-Butylcyclohexanol (1 ) 
(mixture of cis and trans) 

2,2-Dimethyl-l -phenyl- 

3,3-Dimethyl-2-butanol ( 3 )  

2,2-Dimethyl-l -propanol (4  ) 

propawl ( 2 )  

2,4-Dimethyl-3-pentanol ( 5 )  

2,6-Dimethylcyclohexanol ( 6 )  
(mixture of isomers) 

1-Borneol (7) 

dl-Isoborneol ( 8 )  

8 

exo-Norborneol ( 9 )  

Norborneol (10) 
(mixture of exo and endo) 

2-Adamantanol ( l l)b 

1-Adamantanemethanol (12)' 

2-Methylcyclohexanol (13) 
(mixture of cis and trans) 

C 

A 

C 

C 

C 

C 

C 

A 

C 

C 

C 

C 

C 

C 

8 8  

97 

100 

100 

98  

93 

88 

95  

96 

96 

84  

8 8  

95 

8 4  

8 1  

42 

7 6  

8 1  

85  

83 

85  

95  

8 6  

80 

86 

8 9  

93 

8 8  

trans-2-Methylcyclohexanol (14)  C 80  7 1  

a By isolation of the 2,4-dinitrophenylhydrazone. b Added as a solution in PJle,SO (10 m1)-CH,CI, (10 ml). c Additional 
CH,Cl, (10 ml) was used in the reaction system to effect solution. 

neopentyl-type alcohols (2, 3, 4, 12); (c) no substantial dif- 
ference is noted in oxidizing both exo and endo hydroxyl 
groups (7 ,8,9,10,13);  and (d) seemingly equally good results 
are obtained in the oxidation of both equatorial and axial 
hydroxyl groups (1 ,6,13) . l  

The literature is sparse on the oxidation of sterically hin- 
dered alcohols with the previously reported oxidizing reagents. 
MeZSO-DCC and MeZSO-SO3 are reported to oxidize highly 
hindered hydroxyl groups reluctantly owing to the bulk of the 
initial adducts and hence are inert, for example, to axial 
ll@-hydro~yprogestrone.~ MezSO-AczO is often well suited 
for the oxidation of rather hindered alcohols; however, poor 

results were obtained in the oxidation of two hindered aico- 
hols, 3,3-dimethyl-2-butanol (3)14 and 2,2,3-trimethyl-2- 
butanol.lj 

In view of the excellent yields of carbonyls from the hin- 
dered alcohols studied thus far, Me2SO-TFAA is clearly su- 
perior to the other reagents and is the reagent of choice for the 
oxidation of highly hindered alcohols. We believe that this is 
a consequence both of the smaller size of the MezSO-TFAA 
adduct and the outstanding leaving group property of triflu- 
oroacetate ion. 

In addition, the Me2SO-TFAA reaction occurs instanta- 
neously a t  very low temperature (<-50 "6 )  thus making it 
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possible to oxidize alcohols which form stable sulfonium salts 
only a t  low temperatures. The oxidation of dl-isoborneol is 
a good illustration of this point. The sulfonium salt (11) is 
solvolyzed a t  room temperature (or above) and camphene, the 
rearrangement-elimination product, is obtained when pro- 
cedure C (roorn temperature addition of TEA) is employed. 
But dl -  camphor, the anticipated oxidation product, can still 
be obtained in high yield by addition of TEA a t  low temper- 
ature (<-65 OC). The reaction course is depicted as follows 
(es  2): 

111 
I1 I TEA. c -65 'C 

(>go%) (2) 

Experimental Section 
Procedures fo r  Oxidation of Alcohols. Procedure A. To a so- 

lution of dry Me&O (20 mmol) in distilled dry CHzClz (10 ml) cooled 
below -65 "C with a dry ice-acetone bath, TFAA (15 mmol) in 
CH& (5 ml) was added with efficient mechanical stirring in ca. 10 
min. After 10 min below -65 "C, a solution of an alcohol (10 mmol) 
in CHzClg (5-10 ml) was added to the mixture in ca. 10 min. The rate 
of addition of TFAA or alcohol was controlled to keep the temperature 
below -65 "C. The mixture was stirred below -65 OC for 30 min, 
followed by addition of TEA (4 ml) dropwise in ca. 10 min. The tem- 
perature was maintained below -65 "C until addition of TEA was 
complete. The cooling bath was then removed and the reaction mix- 
ture was allowed to warm up to room temperature (ca. 40 rnin), then 
washed with HZC) (20 ml) and the aqueous layer was backwashed with 
CHzClz (5 ml). The combined organic solutions were subjected to GLC 
analysis as previously reported.2 

Procedure C .  This procedure was identical with procedure A 
through the addition of alcohol. Stirring was continued for an addi- 
tional 5 min below -65 "C; the dry ice bath was removed and the 
stirred mixture was allowed to warm up to room temperature (ca. 40 
rnin). After another 30 min of stirring, a t  room temperature, TEA (4 
ml) was added dropwise (ca. 10 min) a t  room temperature. The re- 
mainder of the workup was the same as in procedure A. 
2,4-Dinitrophenylhydra~ones.~ The precipitate was filtered, 

washed, and dried. Ir and melting point were compared with those 
of authentic samples. 

Isolation of Carbonyls. Ether was added to the reaction mixture 
which was then washed with dilute HC1, NaZC03, and HzO in suc- 
cession. The organic layer was dried over magnesium sulfate and, after 
evaporation of solvent, a crude product was obtained as a residue. The 
pure product was isolated either by distillation or short-column 
chromatography on silica1 gel with petroleum ether/CHzClz as eluent. 
Physical characteristics (ir, NMR, melting point) were compared with 
those of authentic samples of carbonyls. 
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There are only very few examples known in which ferro- 
cenecarboxylic acids can be prepared via side chain oxidation 
of ferrocenes. The oxidation is limited to ferrocenecarboxal- 
dehydes2 and acetyl ferrocene^^,^ giving only low yields of 
carboxylic acids. 

We now wish to report a convenient and versatile method 
for the oxidation of hydroxymethyl, formyl, acetyl, and 
N,N-dimethylaminomethyl substituted ferrocenes to  ferro- 
cenecarboxylic acids. The oxidation is performed with mo- 
lecular oxygen a t  80 OC in hexamethylphosphoric triamide 
(HMPT) as a solvent and in the presence of potassium tert- 

2a, R, = H la, Ri = CHZOH; R? = H 

COCH,; R, = H 
CHzN(CH&; R, = H 

b, R, = CHO; R2 = H b, R3 = COOH 
C, Ri 
d, Ri 
e, R, = R2 = CHzOH 
f, R, = & = CHO 
g, Hi = R, = COCH, 

butoxide. The results which are summarized in Table I were 
obtained after a reaction time of 24 h by using 10 equiv of 
potassium tert-butoxide per equivalent of substituent to be 
oxidized. Lowering the amounts of base gave inferior yields 
and required longer reaction times. 

The oxidation reaction with hydroxymethyl, formyl, and 
acetyl substituted ferrocenes proceeded with almost quanti- 
tative conversions. The lower yields of ferrocenecarboxylic 
acids (2a,b) (see Table I) obtained from the oxidation of ac- 


